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ter are older. Thus, cells of different ages can be separated and compared.
Investigations of changes in cellular composition related to the growth of fungal colonies are rare. Zalokar (28, 29) studied the growth of hyphal tips of Neurospora crassa by cytochemical methods but did not examine the whole fungal colony. Yanagita and Kogane (27) reported cytochernical observations on whole colonies and, in particular, the reproductive organs of Aspergillus niger and Penicillium urticae.
This report deals with the changes in soluble carbohydrate, soluble amino nitrogen, total carbohydrate, total lipid, fatty acids, ergosterol, ribonucleic acid (RNA), deoxyribonucleic acid (DNA), and protein from cells of different ages of Rhizoctonia solani and Sclerotium bataticola.
R. solani and S. bataticola are septate fungi belonging to the order Mycelia Sterilia. A perfect stage is known for R. solani Kuehn [Pellicularia jilamentosa (Pat.) Rogers], but not for S. bataticola Taub. Of 29 species tested, the& two were chosen becausk only they formed a mycelium that could be separated into sections of definite ages. A circular, relatively uniform, coherent mycelium was produced on the surface of liquid media. No aerial spores were formed, so that only changes in the vegetative mycelium were measured. The fungi grew linearly with time on the media, and both organisms formed septate mycelia. In these studies, age is defined as the duration of time during which a cell, tissue, or organism has existed as a distinct entity.
MATERIAIS AND METHODS
Transfers from stock cultures of R. solani and S. bataticda that had been maintained on Potato Dextrose Agar (Difco) were used in these studies. Discs from the advancing edge of a petri plate colony on glucose-yeast extract medium (glucose, 1%; yeast extract, 0.2%; agar, 2%) were used as inoculum for the growth of surface cultures on liquid media. All operations concerning the growth of the fungi were ' done under aseptic conditions. The upper 5 inches (12.7 cm) of 1-liter Erlenmeyer flasks was cut off to leave a 4-inch (10.2-cm) opening. A stainless-steel rod (175 mm long) was bent 8 mm from the tip to form a "U," and the tip was sharpened to a point. A small piece of cork (8 mm in diameter) was attached to this tip and served to support a disc of inoculum. The long end of the rod was attached to a cover that had been made from a "cottage cheese carton," and the rod was adjusted so that the inoculum would be at the surface of the liquid medium (100 ml per flask). This medium consisted of the following: glucose, 25 g; asparagine monohydrate, 2 g; KHpPO,, 1 g; MgS04.7HD, 0.5 g; FeS04.7HD, 5 mg; ZnS04. 4 .4 mg; hf&o~.H@, 2.75 mg; CuSO4. 5H@, 0.4 mg; (NHl)6Mo&r.4Hlo, 1.8 mg; CaCI2, 4.5 mg; NaCI, 2.6 mg; thiamine hydrochloride, 100 pg; biotin, 5 pg; water to 1 liter; pH was adjusted to 6.0. The cultures were grown in constant fluorescent light at 26 C. The hyphae grew out from the inoculum to form a circular mycelium on the liquid's surface.
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Growth curves were made by measuring the diameter of the colony at various time intervals. The pH of the medium was measured at similar time intervals. A culture was harvested when the colony reached the edge of the flask (110 mm in diameter) by removing the cover and immersing the flask in a large container of water so that the fungal pad floated to the surface of the water. The pad was spread into a uniform tlat disc and was removed from the water by means of a piece of plywood covered with a paper towel. The fungal pad was cut into five concentric circles with a "die" consisting of a round steel base with circular cutting edges of 36-, 54, 70-, and 92-mm diameters. The "die" was made so that each concentric ring contained approximately the same wet weight of cells.
Differences in the number of viable cells in mycelia of different ages were determined by isolating single cells from the youngest and oldest regions of the fungal colonies and plating these out to see whether they would form a new colony. Cells were isolated after blending in a metal "micro" Waring Blendor in saline solution for 1 min. Diluted suspensions of these blended cells were spread on a glucose-yeast extractagar plate. The cells were observed under the rnicroscope, and, when only one cell was in the field of vision, the agar was cut with a disc cutter. Approximately 100 such discs for each region were transferred to petri plates containing glucose-yeast extract medium and incubated for 4 days.
Eighty flasks were inoculated with each fungus. R.
solani and S. bataticola were harvested after 80 and 144 hr, respectively. The mycelial sections were dried to constant weight over phosphorus pentoxide in a vacuum desiccator, ground in a Wiley mill, passed through a @mesh screen, and stored over phosphorus pentoxide under vacuum. Total carbohydrates were determined by the anthrone method of Moms (15), with glucose as a standard. The mycelium was fractionated in the following manner. (i) Dried cells (20 mg) were suspended in 10 ml of 5% trichloroacetic acid at 4 C by means of a Potter-Elvehjem homogenizer, and were centrifuged after 1 hr. The supernatant fluid was analyzed for carbohydrate (15) and ninhydrin-positive material (23) . (ii) The residue from step (i) was suspended in 10 ml of ethyl alcoholether (3: 1, v/v) for 1 hr at room temperature and then centrifuged. (iii) The residue from step (ii) was suspended in 10% trichloroacetic acid at 90 C for 30 min and then centrifuged. The supernatant fluid was analyzed for RNA by the orcinol method (20) and for DNA by the diphenylamine method (5). In addition, DNA was determined by the method of McIntire and Sproull (13) . (iv) The residue from step (iii) was suspended in 10 ml of 0.2 M sodium hydroxide, autoclaved at 15 psi for 20 min, and centrifuged. The supernatant fluid was analyzed for protein by the method of Lowry et al. (12) .
Total lipid was estimated by extracting separate portions of the dried mycelium two times with chloroform-methanol (3: 1, v/v). The lipid extracts were combined, the solvent was evaporated under a stream of nitrogen, and the resultant residue was dried to a constant weight over phosphorus pentoxide in a vacuum desiccator.
When the individual fatty acids and ergosterol were to be identified and quantitatively determined, the fungal cells were harvested in the normal manner, and then all procedures were carried out in a nitrogen atmosphere and in the absence of light to limit degradation of certain fatty acids and ergosterol. Such dried fungal preparations were saponified, and the fatty acids and sterols were extracted by the method of Caltrider, Ramachandran, and Gottlieb (2). The ether layers from both the saponilkable and nonsaponilkable fractions were dried over anhydrous magnesium sulfate, filtered, and evaporated. The residues were stored under nitrogen at -20 C until analyzed.
Methyl esters of the fatty acids were prepared by the dimmethane method of Schlenk and Gellerman (19) . The fatty acid and sterol analyses were made on a gas chromatograph (model 609; F. & M. Scientific Corp., Avondale, Pa.), by use of a hydrogen-flame detector. The conditions used for identifying and determining the fatty acids and ergosterol were similar to those previously described (25) . Ergosterol was RESULTS also identified and determined as the trimethylsilyl ether derivative (21) on an XE-60 column. The XE-60 column was composed of 15% XE-60 nitrite silicone on diatoport (80 to 100 mesh; F. & M. Scientific Corp.) packed in an 8-ft (2.44-m) stainless-steel tube with an internal diameter of 46 inch (0.32 cm). The injection port, column, and detectorblock temperatures were 295, 240, and 293 C, respectively. Hydrogen, helium, and oxygen flow rates were 45, 95, and 242 ml/min, respectively.
After demonstrating that the trimethylsilyl ether derivative of cholesterol could be separated from other compounds in the nonsaponihble fraction of the youngest and oldest cells by gas-liquid chromatography, known amounts of cholesterol were always added together with the mycelium as an internal standard before saponification. The percentage of cholesterol recovered in the nonsaponihble fraction was determined, and the same percentage of ergosterol was assumed to be recovered from the mycelium. The data in this paper have been corrected to 100yo recovery. Separate standard curves were made for ergosterol and cholesterol.
After demonstrating that heptadecanoic acid was not present in the fatty acid fraction of the youngest and the oldest cells in either fungus, a known amount of the methyl ester of heptadecanoic acid was added to the mycelium as an internal standard prior to saponification. The amount of fatty acids extracted from the fungus was assumed to be the same as the percentage of heptadecanoic acid recovered, and all of the values in this paper have been corrected to 100%.
The composition of the mycelium at the various ages was calculated on a dry-weight basis and in ratio to DNA. Each value reported was the average value from two or three experiments of at least three replicates each. Both R. solani and S. bataticola grew to form coherent and uniform circular pads. No conidia or sexual spores were formed by either organism, but S. bataticola did produce sclerotia in the older regions of the colony. R. solani required 80 hr to cover the surface of the flasks, whereas S. bataticola required 144 hr. Both fungi grew linearly for these periods (Fig. I) , so that the age of the mycelium of the concentric rings could be calculated. The oldest cells from R. solani (ring 5) were 56 to 80 hr old at the time the youngest cells (ring 1) were less than 16 hr old. The oldest cells from S. bataticola (ring 5) were 102 to 144 hr old when the youngest cells (ring 1) were less than 28 hr old. Mycelial sections in rings 2, 3, and 4 were of intermediate ages for both fungi ( Table 1) .
The determination of the number of live cells in the various rings of mycelium was important, since many of the calculations of biochemical functions were made on a dry-weight basis. If there were more dead cells in old than in young tissues, such dead cells would contribute only to dry weight, and, as a result, erroneous values would be obtained for the relation between age and chemical constitution. Microscopic observations of cells from the youngest and oldest regions of the colony revealed no autolysis. The vital stains, methylene blue, triphenyl tetrazolium chloride, eosin, and neutral red, did not reveal any difference in the number of living cells in whole mycelium. The results of counts on cell viability also revealed no marked difference in the percentage of viable cells from ring 1 and those from ring 5 of either fungus. For rings 1 and 5 of R. solani, the viability percentages were 94 and 88% and for S. bataticola, 86 and 85%, respectively. However, it must be mentioned that neither method is entirely satisfactory for determining cell viability.
Since the medium was not changed in a given flask during the growth of a fungal pad, the pro- duction of metabolic substances might be responsible for the changes in composition with age. This phenomenon was unlikely, since the growth of both fungi was linear with time throughout an experiment. In addition, when various concentrates of medium from 80-hr cultures of R. solani were added to fresh growth medium, so that the concentration of the presumed toxic metabolic materials would be four times as great as that in the normal culture, there was no visible inhibitory effect on the growth of R. solani. Changes in composition with age also could not be attributed to a drastic depletion of nutrients in the medium. Medium from 80-hr cultures was able to support normal growth of R.
solani. The pH of the medium remained at approximately 6.0 during the growth of a fungal pad of R. solani. A slight decrease in pH from 6.0 to 5.3 occurred during the growth of S. bataticola.
DNA. The percentage of DNA per unit of dry weight decreased with age in both fungi (Table  2 ). In R. solani, the decrease was from 0.52% in the cells in ring 1 to 0.37% in the cells in ring 5. In S. bataticola, DNA decreased from 0.48% in the youngest cells to 0.25% in the oldest ones. This decrease in DNA with age was observed with both the diphenylamine and McIntire and Sproull methods.
Total and soluble carbohydrate. The percentage of total carbohydrate in R. solani was extremely high at all ages. There was a steady increase in the percentage of carbohydrate per unit of dry weight from 56% in the youngest cells to 71% in the oldest cells (Table 2 ). Extracting the dried mycelium with cold 5% trichloroacetic acid re- 26 19 sulted in about 100% extraction of the carbohydrate at all ages. The anthrone-positive carbohydrate was all removed from the cells by this procedure. When the amount of total carbohydrate in R. solani was calculated on a DNA basis (Table 3) , the total carbohydrate-DNA ratio in the old cells was almost twice as high as that in the young ones.
In S. bataticola, the total carbohydrate per unit of dry weight decreased with cell age from 28% in the youngest cells to 19% in the oldest ones ( Table 2) . Extracting the dried mycelium with wld 5% trichloroacetic acid resulted in 21 % of the total carbohydrate being extracted in the young cells. The percentage of carbohydrate extracted by cold trichloroacetic acid increased with age to 42% in the oldest cells. Even though the percentage of total carbohydrate on a dryweight basis decreased with age in S. bataticola, there was very little difference with age in the total carbohydrate-DNA ratio ( Table 3) .
Soluble amino nitrogen. The percentage of soluble amino nitrogen per unit of dry weight decreased in R. solani from 1.2% in the cells in ring 1 to 0.8% in ring 2, and remained constant in the three remaining rings of older cells ( Table  2) . Therefore, a slight decrease in the ratio of soluble amino nitrogen to DNA occurred between cells of ring 1 and those of rings 2 and 3. However, there was no difference in the ratio among cells of rings 1, 4, and 5 ( Table 3) . On a dry-weight basis, the percentage of soluble amino nitrogen in S. bataticola decreased from 4.3% in the cells in ring 1 to 2.3% in the oldest cells ( Table 2 ). There was no difference with age in the ratio of soluble amino nitrogen to DNA ( Table  3) .
RNA. The percentage of RNA per unit of dry weight in R. solani decreased from 6.1 % in the young cells to 4.2% in the old ones ( Table 2) . The percentage of RNA per unit of dry weight in S. bataticola also decreased with age from 8.7% in the cells in ring 1 to 4.6% in the cells in ring 5 (Table 2) . In both fungi, the RNA-DNA ratio decreased from the cells in ring 1 to those in ring 3 followed by an increase (Table 3) . However, this fluctuation is probably not significant.
Protein. The amount of protein per unit of dry weight in R. solani decreased from 12.2% in the cells in ring 1 to 9.8% in ring 2, and decreased only slightly in the three remaining rings of older cells (Table 2 ). There was essentially no change in the ratio of protein to DNA with age ( Table  3) . Protein in S. bataticola gradually decreased with age from 14.8% per unit of dry weight in the cells in ring 1 to 8.4% in the cells in ring 5 ( Table 2) . Again there was no marked difference in the ratio of protein to DNA with age (Table 3) .
Total lipid. The percentage of total lipid per unit of dry weight in R. solani did not change with age. In cells of all ages, it was about 6 to 7% of the dry weight of the fungus ( Table 2) . Since there was no change with age in the percentage of lipid on a dry-weight basis, a slight increase in the ratio of total lipid to DNA resulted with age ( Table 3 ). The percentage of total lipid per unit of dry weight in S. bataticola was much higher than in R. solani. The total lipid increased with age from about 26?& in ring 1 to 46% in ring 5 ( Table 2) . There was almost a fourfold increase in the total lipid-DNA ratio in S. bataticola with age ( Table 3) .
Ergosterol. Ergosterol was the only compound that was identified in the nonsaponifiable fraction of both fungi The percentage of the ergosterol per unit of dry weight decreased rapidly with age in both fungi. In R. solani, ergosterol constituted 0.1 % of the dry weight of the cells in ring 1, but none was detected in the four older rings. Ergosterol constituted 0.3% of the dry weight of the cells in ring 1 of S. bataticola, 0.2% in ring 2, and none was detected in the older rings. The decrease in ergosterol with age was not due to a decreased extraction efficiency in the older mycelium of either fungus, because the amount of internal standard extracted was approximately the same at all ages. The lower limit of detection for ergosterol was 0.03%.
Fatty acids. Myristic, palmitic, palrnitoleic, stearic, oleic, and linoleic acids were detected in both fungi. In addition, R. solani contained pentadecanoic acid, and S. bataticola contained myristoleic, linolenic, and arachidic acids. Hydrogenation of the fatty acid fractions from each fungus resulted in the disappearance of the chromatographic peaks of the suspected unsaturated fatty acids. A periodate-permanganate reaction was also run on the fatty acid fractions from the youngest and oldest mycelia of each fungus. Azelaic acid was the only dicarboxylic acid with a chain length longer than five carbons that could be detected after the oxidation reaction. Therefore, the common unsaturated fatty acids, palmitoleic, oleic, linoleic, and linolenic, were the only ones present in the two fungi studied.
The total fatty acids in R. solani after saponification were very low: 2.7% per unit of dry weight in the young cells and 3.5% in the old cells ( Table 2 ). The principal fatty acid in R. solani was linoleic acid; it constituted 66.6% of the total fatty acids in the young cells and 54.4% in the old cells (Table 4) . During the same time, oleic acid increased from 15.7% in the young TMLE 4. Percentage of the individual fatty acids in the total fatty acid fraction of Rhizoctonia solani and Sclerotium bataticola at various ages* cells to 24.9% in the old cells. The increase in oleic acid was not due to a degradation of linoleic acid, since the percentage of linoleic acid per unit of dry weight was not altered with age. Total fatty acids per unit of dry weight in S. bataticola increased with age from 14.8% in the young cells to 28.6% in the old cells (Table 2) . Oleic acid constituted about 50% of the total fatty acids at all ages (Table 4) , and, as a result, almost 15% of the dry weight of the old cells was oleic acid. Palmitic and linoleic acids decreased slightly with age in S. bataticola, whereas oleic and palmitoleic acids increased slightly. In a study of the composition and activity of cells of different ages, a uniform environment surrounding these cells would be ideal. It is apparent that surface cultures do not meet this criterion; yet they are better for such studies than shaken cultures, because, in the latter, each fungal pellet would contain both young and old cells which are not easily separated. The principal disadvantage of surface cultures is that the cells on the lower surface of the fungal pad are in direct contact with the nutrient liquid while the upper surface is exposed to the atmosphere. This probably accounts for the cytological differences observed by Yanagita and Kogane (27) between the cells in the lower and upper surfaces of a fungal pad. Furthermore, a few new cells are probably still being formed in the center of the fungal colony, since a thickening of the fungal pad occurs at the center. However, the two fungi that were studied produced only a few aerial mycelia and had a relatively uniform thickness, so that the vast majority of cells would be of an age corresponding to the times indicated. In the case of S. bataticola, the effects of cell differentiation on the results attributed to aging cannot be entirely excluded, since formation of sclerotia occurred in the older regions of the fungal colony.
Since both fungi grew linearly with time, and growth was not inhibited when concentrated media from old cultures were incorporated into fresh media, staling products were not present to affect the fungi. Also, it is unlikely that the differences in cell composition can be attributed to the depletion of constituents of the medium.
In R. solani and S. bataticola, protein, RNA, DNA, and soluble amino nitrogen decreased with age on a dry-weight basis, but storage compounds, such as carbohydrates or lipids, increased with age. In R. solani the storage material was carbohydrate, and in S. bataticola it was lipid. The trends in composition with age in these fungi are similar to those reported for experiments in which all the mycelia in flasks were harvested at various growth phases (9, 10, 14, 16, 24) . It is evident, however, that when all the contents of a flask of mycelial fungi are harvested they would contain a mixture of cells of all ages. However, the similarities in results between these two types of studies probably reflect the predominance of old or young cells when entire cultures of different growth phases were used.
The use of dry weight as a basis for comparing composition or function is sometimes misleading, since weight can be a function of the synthesis of storage compounds which do not play an active metabolic role in the growth and development of the organism until adverse conditions occur. Since the percentage of viable cells did not change with age in our study, a more meaningful stand- * The ages (in hours) for the various tissues studied are given in Table 1 (17) and for yeast (26) . Since the number of nuclei per cell is usually constant in fungi, except at the hyphal tip, this relationship might also hold for mycelial fungi. The DNA content could then be used as a measure of the cell number and serve as a per cell base for all other constituents. With DNA as a basis, fewer differences with age were observed. Although the ratios of soluble amino nitrogen to DNA, RNA to DNA, and protein to DNA fluctuated slightly with age, there did not seem to be any definite trends. However, the ratio of total lipid to DNA increased very rapidly with age in S. bataticola, whereas the ratio of total carbohydrate to DNA did not change appreciably. In R. solani, on the other hand, the ratio of total carbohydrate to DNA increased quite markedly with age, whereas the total lipid-DNA ratio increased slightly.
The fatty acids of R. solani and S. bataticola are similar to those reported in other fungi (3) . Previous studies of the fatty acid pattern of mycelial fungi have generally indicated a shift in synthesis from unsaturated fatty acids to ones more saturated with age (1, 4, 11, 25) . A similar shift toward greater unsaturation with age was observed in R. solani; the percentage of linoleic acid per total fatty acids decreased, whereas oleic acid increased. This general trend did not occur in S. bataticola; linoleic and palmitic acids decreased slightly with age, and oleic and palmitoleic acids increased slightly.
One of the more striking changes with age in both fungi was the decrease in ergosterol content. A similar decrease in the ergosterol content with age has been reported in our studies on Penicillium atrovenetum (25) , and such decreases of ergosterol might be a general phenomenon related to fungal aging. Ergosterol is probably present in the cell membranes of fungi; indeed, all of the cholesterol present in human erythrocytes is reported to be in the cellular membranes (6) . A change in sterols might then be one of the mechanisms by which cell permeability is altered.
That sterols are related to permeability, and hence the cell membrane, in fungi has been shown by studies with the antibiotic %pin (7, 8) .
Filipin causes cell constituents to leak out of the fungal cells, but the addition of exogenous sterol prevents this permeability change. If permeability were affected by age, nutrients or oxygen might not enter the old cells at the same rate as in the young cells, thus accounting for the decreases in respiratory activity for these fungi.
